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x GLUHFWLRQSDUDOOHO
x FRQWRXUSDUDOOHO
x DGDSWLYHFXUYLOLQHDUVSDFHILOOLQJDQH[DPSOHSUHVHQWHGLQ>@
:KLOHHDFKDSSURDFKKDVLWVRZQDGYDQWDJHVDQGGLVDGYDQWDJHVWKLVSDSHUSURSRVHVDUHFXUVLYHFRQWRXUSDUDOOHO
DOJRULWKPZLWKWKHFRQWRXUIRUPHGRI OLQHVDQGFLUFXODUDUFVFRGHGDVD OLVWRIFKDUDFWHULVWLFSRLQWV>@$QRWKHU
DSSURDFKRIFRQWRXUSDUDOOHOWRROSDWKJHQHUDWLRQRSWLPL]HGIRUFRQVWDQWPDWHULDOUHPRYDOUDWHLVJLYHQLQ>@7KH
UHFXUVLYHVWUDWHJ\HQVXUHV WKHUHDUHQR UHGXQGDQW WRROPRYHVDGHVLGHUDWXPDFKLHYHGE\PHDQVRIPRUHFRPSOH[
DOJRULWKPVLQRWKHUSDSHUV>@
3URSRVHGDSSURDFK
:H SURSRVH D WZRVWHS DSSOLFDWLRQ ZLWK DQ RULJLQDO DOJRULWKP WR ILQG WKH WRRO SDWK 7KH DSSOLFDWLRQ LV
LPSOHPHQWHGLQDIXOOREMHFWRULHQWHGVW\OHLQ9%1(7>@DVDQ$XWR&$'H[WHQVLRQ>@
7KH VWDUW SRLQW IRU WKH DSSOLFDWLRQ LV D SRO\OLQH UHSUHVHQWLQJ WKH JHRPHWU\ RI WKH SRFNHW 7KH SRO\OLQH LV D
VXFFHVVLRQ RI OLQH DQG DUF VHJPHQWV DQG FDQ EH FRQYH[ RU FRQFDYH ,W LV UHDG DQG FRGHG E\ WKH DSSOLFDWLRQ DV D
FROOHFWLRQRIFKDUDFWHULVWLFSRLQWV>@)LJJLYHVDQH[DPSOHRIDFRQFDYHSRO\OLQHZLWKLWVRULJLQLQWKHERWWRP
OHIWFRUQHUDQGWKHFKDUDFWHULVWLFSRLQWVJLYHQLQFORFNZLVHGLUHFWLRQ


)LJ6DPSOHFRQWRXUZLWKORFDOFRRUGLQDWHV\VWHPDQGLWVFKDUDFWHULVWLFSRLQWVKLJKOLJKWHG
7KHFKDUDFWHULVWLFSRLQWV3.DUHWKHSRLQWVDWWKHLQWHUVHFWLRQRIVHJPHQWVDQGFRQWDLQLQIRUPDWLRQDERXWWKHLU
FRRUGLQDWHVDQGWKHW\SHDQGSDUDPHWHUVRIWKHVHJPHQWIROORZLQJWKHP$VVXFKD3.DWWKHVWDUWRIDOLQHKDV
SDUDPHWHUVWKHFRRUGLQDWHVRIWKHSRLQWVZKLOHD3.DWWKHVWDUWRIDQGDUFKDVSDUDPHWHUVWKHFRRUGLQDWHVRIWKH
SRLQWWKHVLJQHGUDGLXVRIWKHDUFDQGWKHFRRUGLQDWHVRILWVFHQWHU7KHVHSDUDPHWHUVDUHV\PEROL]HGDV
x [\FRRUGLQDWHVRIWKH3.
x 5UDGLXVRIWKHDUFVWDUWLQJDWWKHFRUUHVSRQGLQJSRLQWIRU&&:IRU&:
x &[&\FRRUGLQDWHVRIWKHFHQWHURIWKHDUF
$IWHUWKLVILUVWVWHSRIUHDGLQJWKHFKDUDFWHULVWLFSRLQWVRIWKHVWDUWSRO\OLQHWKHDSSOLFDWLRQHPSOR\VDUHFXUVLYH
IXQFWLRQWKDWILQGVSDUDOOHOFXUYHVWRWKHRULJLQDOFRQWRXUDQGFRQWLQXHVWRRIIVHWIRXQGFRQWRXUVWRZDUGVWKHLQWHULRU
XQWLODOOSRFNHWLQWHULRULVFRYHUHG7KHGLVWDQFHEHWZHHQFRQWRXUVLVWDNHQDVDXVHUFRQWUROOHGIUDFWLRQRIWKHUDGLXV
RIWKHWRRO/LNHWKHLQLWLDOSRO\OLQHDOOWKHLQVLGHRIIVHWFRQWRXUVDUHFRGHGDVFROOHFWLRQVRI3.V
,QWKHFDVHRIFRQFDYHFRQWRXUVWKHUHLVWKHSRVVLELOLW\RILVODQGIRUPDWLRQPHDQLQJDWVRPHSRLQWWKHUHLVPRUH
WKDQRQHRIIVHWFXUYHWRZDUGVWKHLQWHULRU,QWKLVFDVHWKHDOJRULWKPFDOOVWKHRIIVHWIXQFWLRQIRUHDFKRIWKHUHVXOWHG
FXUYHVFRQWLQXLQJWKHUHFXUVLYHSURFHGXUHIRUHDFKLVODQG7KHDOJRULWKPVWRSVFDOOLQJLWVHOIZKHQLWUHDFKHVDFXUYH
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WRRVPDOOWREHRIIVHWDQ\IXUWKHU$WWKDWSRLQWWKH3.VRIWKHFXUYHDUHDGGHGWRWKHFROOHFWLRQRI3.VDQGWKHFRGH
JHWVEDFNWRWKHSUHYLRXVFXUYHDGGVWKH3.VRIWKLVFXUYHWRWKHFROOHFWLRQDQGVRRQ%HFDXVHWKH3.VDUHDGGHGWR
WKHFROOHFWLRQDIWHUWKHUHFXUVLYHFDOOWKHWRROSDWKLVIRUPHGIURPWKHLQVLGHWRWKHRXWVLGHIURPWKHLQQHUFXUYHVWR
WKHRXWHURQHV
7KHWRROQRUPDOO\MXPSVIURPRQHFXUYHWRWKHRWKHUGLUHFWO\FRQVLGHULQJWKHHQGSRLQWRIRQHFXUYHZLOODOZD\V
EHLQWKHYLFLQLW\RIWKHVWDUWSRLQWRIWKHQH[WRQH+RZHYHULQWKHFDVHRILVODQGIRUPDWLRQZKHQE\RIIVHWWLQJZH
JHWPRUHWKDQRQHFXUYHWKHMXPSEHWZHHQLVODQGVDQGEDFNWRWKHRXWHUFXUYHJHQHUDWLQJWKHPLVQRWJXDUDQWHHGWR
EHFROOLVLRQVDIH,W LV IRU WKLV UHDVRQ WKDW WKHMXPSEHWZHHQ WKHVHSRLQWV LVPDGHE\ILUVW UHWUDFWLQJ WKH WRRODW WKH
VDIHW\SODQH DGMXVWDEOHE\ WKHXVHUPRYLQJ LW WR WKHQH[W[\SRVLWLRQDQG WKHQ ORZHULQJ LWEDFN WR WKHZRUNLQJ
SODQH


)LJ'HWDLOHGWRROSDWKVKRZLQJSRLQWVVHTXHQFHDQGWUDQVLWLRQVDWVDIHW\SODQHEHWZHHQLVODQGV
)LJVKRZVDQH[DPSOHWRROSDWKIRUDFRQFDYHFRQWRXUZKLFKUHVXOWVLQWKHIRUPDWLRQRIWZRLVODQGV6LVWKH
VWDUWLQJSRLQWRIWKHWRROSDWKDQG)LVWKHHQGRIWKHWRROSDWKIRUWKHILUVWLVODQG7KHDUURZVVKRZWKHVXFFHVVLRQ
RIVHJPHQWVDORQJWKHSDWK)URP)WKHWRROMXPSVWRWKHVWDUWRIWKHVHFRQGLVODQG6YLDWKHVDIHW\SODQH7KLVLV
UHSUHVHQWHGZLWKDGDVKHG OLQH$IWHUILQLVKLQJ WKHVHFRQGLVODQG LQ) WKH WRROJRHV WR WKHVWDUWRI WKHFXUYH WKDW
JHQHUDWHG WKH WZR LVODQGV DJDLQ IROORZLQJ WKH VDIHW\ SODQH$IWHU IROORZLQJ WKLV FXUYH IURP6 WR) WKHZKROH
LQWHULRUKDVEHHQFRYHUHG


)LJ&RPSOH[SRFNHWWRROSDWKJHQHUDWLRQZLWKFOHDUDQFH
7KHDSSOLFDWLRQDOVRDOORZVWKHVHWWLQJRIDILQDOFOHDUDQFHWKDWFDQEHUHPRYHGODWHUZLWKDQHQGPLOOLQJSURJUDP
7KH WRROSDWKZLOOEHJHQHUDWHG LQ WKLVFDVHVXFKDV WRFXWRQO\ LQVLGH WKHFRQWRXUUHVXOWLQJIURPWKHRIIVHWRI WKH
RULJLQDORQHE\WKHVHWFOHDUDQFH)LJSUHVHQWVWKHFDVHRIDSRFNHWVHWWREHPLOOHGZLWKDILQLVKLQJFOHDUDQFH7KH
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SRFNHWLQWKHH[DPSOHDOVRJHQHUDWHVVRPHLVODQGVZKLFKDUHKDQGOHGE\WKHDOJRULWKPZLWKRXWDQ\SUREOHPVDVFDQ
EHVHHQLQWKHILJXUH
,PSOHPHQWDWLRQ
7KHDOJRULWKPLVLPSOHPHQWHGLQ9%1(7DVDQDSSOLFDWLRQIRU$XWR&$'7KHFRQWRXULVLQSXWDVDSRO\OLQHZLWK
WKHRWKHUPDFKLQLQJSDUDPHWHUVEHLQJVSHFLILHGXVLQJ$XWR&$'VSHFLILFXVHULQWHUIDFHWRROV7KLVDSSURDFKJUHDWO\
VLPSOLILHVWKHLQSXWSURFHVV7KHFKDUDFWHULVWLFSRLQWVDUHWDNHQIURPDVHOHFWHGSRO\OLQHFRQWRXUDQGWKHPDFKLQLQJ
SDUDPHWHUV FDQ EH LQSXW XVLQJ $XWR&$' VSHFLILF SDOHWWHV 7KH RXWSXW LV D WH[W ILOH FRQWDLQLQJ WKH DFWXDO ,62
SURJUDPZLWKWKHH[WHQVLRQFQF7KHDSSOLFDWLRQDOVRRIIHUVWKHSRVVLELOLW\RIRXWSXWWLQJWKHFROOHFWLRQRI3.VIRU
WKHFRQWRXULQWKHIRUPRIDWH[WILOHIRUWKHFDVHWKHHQJLQHHUQHHGVWKHPIRURWKHUSXUSRVHV
7KHXVHULQWHUIDFHIRUWKHDSSOLFDWLRQSUHVHQWHGLQ)LJLVLPSOHPHQWHGDVDQ$XWR&$'SDOHWWH


)LJ*UDSKLFDOXVHULQWHUIDFHRIWKHDSSOLFDWLRQ6FUHHQGXPS
7KHLQWHUIDFHFRQVLVWVRIVHFWLRQVJHRPHWULFDOUHODWHGVHWWLQJVWHFKQRORJLFDOUHODWHGVHWWLQJVDQGDVHFWLRQIRU
FRQWUROOLQJWKHSUHYLHZDQGJHQHUDWLQJWKHRXWSXWILOHV
$OOWKHJHRPHWULFDOLQIRUPDWLRQQHHGHGLVWKHSRO\OLQHGHILQLQJWKHSRFNHWWKHWRROSDWKGLUHFWLRQFORFNZLVHRU
FRXQWHUFORFNZLVHDQGWKHGLVWDQFHEHWZHHQFRQVHFXWLYHHTXLGLVWDQWFXUYHV6WHSJLYHQDVSHUFHQWRIWKHWRROUDGLXV
LQWKHILJXUHWKLVYDOXHLVPHDQLQJWKHGLVWDQFHLVRIWKHWRROUDGLXV
7KHWHFKQRORJLFDOLQIRUPDWLRQLVPRVWO\WKHVDPHDVLQWKHFDVHRILQWHULRUFRQWRXUHQGPLOOLQJFRQVLGHULQJZH
FDQLPDJLQHWKLVNLQGRISRFNHWUHPRYDODVDVXFFHVVLRQRIHQGPLOOLQJRSHUDWLRQV7KHQHHGHGLQIRUPDWLRQLV
x WRROFKRLFH7±7
x WRROGLDPHWHU7RRO'
x SRFNHWGHSWK0LOO'HSWK
x VDIHW\SODQHDERYHZKLFKUDSLGIHHGFDQEHXVHG6DIHW\
x YHUWLFDOIHHGUDWHDQGZRUNLQJIHHGUDWH6SHHG=DQG6SHHG/
x VSLQGOHURWDWLRQVSHHG6SLQGOH9
x FOHDUDQFHOHIWIRUODWHUILQLVKLQJ&OHDUDQFH
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x FKHFNSRLQWIRUDURXWLQHYHULILFDWLRQRIWKHZRUNSLHFHSRVLWLRQLQJXVXDOO\DERYHWKHRULJLQRIWKHUHIHUHQFH
V\VWHP&KHFN3RLQW;<=
7KHORZHUVHFWLRQRIWKHXVHULQWHUIDFHRIIHUVWKHFRQWUROVIRUSUHYLHZLQJWKHSDWKDQGJHQHUDWLQJWKHSURJUDP
x 3UHYLHZ±DOORZVWKHXVHUWRSUHYLHZWKHWRROSDWKKLJKOLJKWLQJWKHVWDUWDQGHQGSRLQWVDQGWKHVHJPHQWVIRU
UDSLGIHHGPRYHPHQWDWWKHVDIHW\SODQHOHYHOWKHSUHYLHZFKDQJHVG\QDPLFDOO\ZLWKHDFKFKDQJHRIWKH
SDUDPHWHUVDIIHFWLQJWKHWRROSDWK)LJDQG)LJZHUHREWDLQHGIURPWKHSUHYLHZRIDFWXDOFRQWRXUV
x *HQHUDWH3.ILOH±LIFKHFNHGWKHDSSOLFDWLRQZLOOJHQHUDWHDWH[WILOHZLWKWKHOLVWRISRFNHWFRQWRXU
FKDUDFWHULVWLFSRLQWVVDYHGLQWKHVDPHORFDWLRQDVWKHSURJUDP
x *HQHUDWH3URJUDP±ZKHQSUHVVHGWKHEXWWRQDVNVIRUWKHORFDWLRQZKHUHWKHILOHZLOOEHVDYHGDQGJHQHUDWHVWKH
PLOOLQJSURJUDPWKHEXWWRQRQO\EHFRPHVDFWLYHZKHQDOOUHTXLUHGSDUDPHWHUVDUHSURSHUO\VHWWKLVDORQJZLWK
WKHSUHYLHZRSWLRQDUHRIJUHDWKHOSLQDVVXULQJFRUUHFWO\FRQIRUPHGSURJUDPV
&RQFOXVLRQ
7KHSURSRVHGDOJRULWKPZDVWHVWHGRQVHYHUDOSRFNHWVVKRZLQJLWVYHUVDWLOLW\ LQGHDOLQJZLWKWKHPRVWFRPSOH[
VKDSHV7KHWHVWLQJZDVFRQGXFWHGDOOWKHZD\WRWKHPLOOLQJSKDVHIRURQHRIWKHFRQWRXUVRQD025,6(,.,06;
&1&PDFKLQHWKXVYHULI\LQJWKHYDOLGLW\RIWKHDSSURDFK
7KHUHDUHWZRPDLQRULJLQDOFRQWULEXWLRQVWKDWWKLVSDSHUEULQJV
x 7KHUHFXUVLYHDOJRULWKPIRUFRQWRXUSDUDOOHOWRROSDWKVJHQHUDWLRQ
x 7KHLPSOHPHQWDWLRQDVDQ$XWR&$'H[WHQVLRQXVLQJ9%1(7DQDSSURDFKWKDWJUHDWO\VLPSOLILHVWKHLQSXW
SURFHVVDQGWKHJHQHUDOZRUNIORZIRUHQJLQHHUV
5HIHUHQFHV
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